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INTRODUCTION

This Survey Scope Study is a continuation of the preliminary work

performed under the Feasibility Study in 1971. The Cleveland-Akron area

was chosen by the Corps of Engineers as one of the five pilot areas in

. which to develop a wastewater management program. Three consulting
engineering firms have been selected to work with the Corps in
developing the Cleveland-Akron Survey Scope Study.

Phase I of the study identified the wastewater management problem
with respect to domestic and storm water runoff wastewater as it exists
today and as it is anticipated to exist in the future.

R This report covers Phase II of the study which identifies treatment

processes and effectiveness, design criteria, and unit costs associated

; with municipal wastewater treatment facilities and storm water treatment
facilities.~ This report does not include, however, any data associated with

/,d,_,ﬁ_“m..;)
land treatment of wastewater.

"> Also included in Phase II of the study were the cost estimates of the
twelve alternative plans, as developed by Wright-McLaughlin, Engineers.

\

This report is presented in four sections:

: A - Wastewater

. B - Stormwater Runoff
C - Alternative Plans - Cost Estimates
D - Related Information
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A - WASTEWATER

1. - TREATMENT PROCESSES AND EFFECTIVENESS

The development of a wastewater treatment plan for a municipality
or political jurisdiction has two basic considerations. First, the
required effluent quality must be established. Secondly, the applicable
process sequence to most economically meet these requirements under local
enviromental constraints must be selected.

In this section, three basic wastewater management treatment goals are
established using State and 0.C.E.* guidelines. Existing process technology

is reviewed, and optimum process sequences, as most applicable in

Northeastern Ohio, are selected. Schematic and illustrative flow-concentration-

mass diagrams are used to characterize and compare unit process and system

performance. Influent auality is prevented in Phase I - Section 6.

1.1 - WASTEWATER MANAGEMENT GOALS

Table 1 defines the wastewater management goals for Level 1 and Level 2.
Detailed definitions of the required effluent quality are contained in
Appendix C.

Level 1 represents the proposed effluent standards of the State of
Ohio. The quality criteria contained in Level 1 represent the State's
maximum quality criteria. The conventional indices of pollution, such as
the 5-Day Biochemical Oxygen Demand (BODs) and Suspended Solids (SS), vary
as a function of the receiving water classification and dilution availability.
Allowable phosphorus discharges are defined as a function of the receiving
water location and daily discharge volume of wastewater with maximum
removals required by 1980, Ammonia nitrogen residuals vary seasonally as

a function of the stream classification and available dilution. Effluent

*0.C.E. - Office of the Chief of Engineers, Department of the Army




dissolved oxygen (DO) concentrations are highest for receiving waters

containing cold water fisheries. Allowable fecal coliform bacteria
counts vary seasonally and dictate continuous disinfection.

Level 2 represents the O0.C.E. Standards for municipal wastewater
treatment. The major differences between State and O.C.E. standards
are nitrogen removal, COD effluent standards, and increased removals of

BOD., ammonia, phosphorus, and suspended solids. The 0.C.E. effluent

5°
quality goals are independent of stream classification, dilution
availability, receiving stream location, wastewater flows, and season of
the year. Since the State's maximum effluent DO concentration is more

- stringent than the 0.C.E. standard, it is assumed that an effluent

DO of 6 mg/l or more must be achieved in Level 2. The State pH require-

ments were also assumed to apply for the 0.C.E. standards.

1.2 TREATMENT TECHNOLOGY

All wastewater and waste solids treatment processes, excluding
disinfection, are designed to promote a gaseous end product or separate
and concentrate dissolved and particulate pollutants. The final gaseous
or solid phase pollutant end product should be inert and of no pollutional

I significance in the final disposal site.
: 1 Treatment processes can be broadly classified as a function of the

unit process goal. This concept is illustrated in Figures 1 (Wastewater

T Treatment: Unit Process Alternatives) and Figure 2 (Waste Solids Treatment:
»

Unit Process Alternatives), where unit processes are defined in a
generalized sequence of treatment steps such that a final product meeting
any quality level can be achieved. These unit process flow diagrams shoﬁld

not be regarded as inflexible (often process goals can be and are combined
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in one physical unit) nor complete (rapidly expanding technology prevents
totality) but rather as an illustration of the treatment alternatives
available for application in a municipal wastewater management program.
Definition of the management or water quality goals contained in Table 1
in conjunction with the elimination of economically unattractive or
insufficiently demonstrated alternatives, reduces the multiplicity of
treatment options.

For the purpose of this study, competitive process sequences incor-
porating basic biological and physical-chemical treatment processes for

Northeastern Ohio were developed.

1.21 BASIC BIOLOGICAL TREATMENT SYSTEM

It is safe to conclude that, for the near future, the basic technology
for municipal wastewater treatment will be a biological system combined
with specific physical or chemical treatment techniques. This technology
will most assuredly be applied to large existing wastewater treatment
facilities and can be easily incorporated in new facility design.

In attempt to define the ''typical" wastewater treatment facility

for this area, The 1968 Municipal Waste Facility Inventory (U.S. Department

of the Interior, Federal Water Quality Administration) reports the following

for the Lake Erie Drainage Basin:

1. 98 percent of the population receives some form of wastewiter
treatment;

2. 79 percent of the population receives secondary treatment, of which,
93 percent is serviced by the activated sludge process or modifications
thereof.

From the preceding, it can be seen that the foundation for an

effective wastewater management program is already established: wastewater
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collection and transport to a treatment site, and use of the activated sludge
process as the representative treatment concept. Therefore, the

activated sludge process with an aeration contact time of 4.5 to 6 hours

is assumed as the one that must be upgraded to meet the various waste-

water management goals listed in Table 1. The basic activated sludge system is
shown schematically in Fig. 3, with anaerobic solids digestion followed by
vacuum filtration and incineration. Typically, waste solids cake and
incinerator ash are ultimately disposed of upon municipal landfill

operations.

To provide a basis of comparison, the unit and overall equilibrium
process performance of this system was prepared for the estimated 1990
influent wastewater quality as illustrated in Figure 3A. This system
would only meet the proposed BOD5 and SS criteria for Ohio's Class III
streams (free flowing, warm water fisheries) if the average upstream

BODs concentration increase was no more than 1 mg/l.

1.22 BASIC PHYSICAL-CHEMICAL TREATMENT SYSTEM

Physical-chemical treatment systems, when applied, will most likely
be at new treatment sites or as additions to existing primary facilities.
In terms of volume, the largest of the new physical-chemical systems presently
proposed will be at Cleveland's Westerly Wastewater Treatment Plant
where a physical-chemical system incorporating single stage lime coagulation
with lime recovery and reuse, recarbonation, filtration and granular
activated carbon adsorption, regeneration and reuse is proposed. Alternative
systems, such as at Rocky River, Ohio, replace lime addition with polymer
applications for suspended solids removal and add metal salts to meet

phosphorus removal requirements. The Cleveland Westerly plant was assumed

A6




the representative physical-chemical system for this study and its flow
pattern is shown schematically in Figure 4. .

Equilibrium system performancé is illustrated in Figure 4A for
the 1990 influent wastewater quality. The system, as proposed, is
designed to maximize the phosphorus removal to lime dosage ratio with
an influent wastewater alkalinity of 175 mg/l as CaC03. At a lime dose
of about 240 mg/l as Ca(OH)z, a reaction pH of about 10.5 should result.
At this pH minimal Mg(OH)2 precipitation will result and calcium
solubilization will be minimal (thus, maximizing CaCO3 formation).
Recarbonation is provided to adjust the wastewater pH prior to carbon
adsorption and to solubilize any effluent CaCO3 to prevent encrustation
of the filter. The filtration system is provided to protect the activated
carbon system from particulate solids. The granular activated carbon system
is shown with air or oxygen applications to prevent problems with septicity
and effluent.clarity and to meet effluent dissolved oxygen concentrations.
A 30 percent wastage of calcined ash was assumed in the lime recovery and
reuse system.

The proposed physical-chemical system, as shown, can meet Ohio's

proposed minimum BOD. and SS effluent standards for Class I (cold water

5
fisheries) and Class II (scenic waters) streams when the average BOD5
concentration increase at critical stream flows is less than 0.3 mg/1l

and some Class III and Class IV (pooling waters with warm water fisheries)
réceiving streams. Ohio ammonia nitrogen effluent standards for November
through March with Class III and IV streams are satisfied if the calculated
ammonia concentration in the stream does not exceed 0.05 mg/l. The 1980
Ohio effluent phosphorus standards are satisfied for discharges of less

than 10 mgd into Lake Erie and its tributaries. If the discharge is into

a lake, reservoir, impoundment or pool, the system meets the proposed
A7
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phosphorus standard only when discharged volumes of wastewater are less
than 1 mgd.

In comparing Figures 3A and 4A, fundamental differences between
biological and physical-chemical systems become apparent. These are

briefly reviewed.

a. Waste Solids

Waste sludge solids are generally higher for a physical-chemical

system. Oftentimes, this is partially compensated for by improved dewaterability.

The utilization of lime rather than a metal salt as the primary coagulant

causes this difference to be especially pronounced.

b. Soluble Organic Removal

Economic and performance success or failure of this process goal in
a biological system is dependent upon the main stream reactor and solids
separation; whereas with a physical-chemical system it is dependent
upon the main stream reactor and sidestream activated carbon regeneration
and reuse. The biological system cannot remove highly refractory
(non-biodegradeable) organics, but when effluent standards are developed
in terms of BODS, nondescriminate bio-degradeable and refractory organic
removal by activated carbon make very low BOD5 residuals difficult to
achieve. A biological system metabollically converts about 1/4 to 1/2
of the applied organic carbon to CO2 which is discharged to the atmosphere;
in a strict sense, the physical-chemical system must handle this additional
organic carbon which is not removed until carbon regeneration upon
application of external energy or fuel. Although biological system can
be upset by inhibitory wastes, activated carbon organic adsorption

performance is pH dependent for organic acids and bases, anionic and

A8

Sl daiod ag




cationic surface active agents, and ampholytes; their removal cannot
be simultaneously optimized for in a municipal wastewater since
adjustment of pH may increase the removal of one organic compound while
suppressing adsorption of others.
c. Costs

Generally, a trade-off is made when selecting biological versus
physical-chemical systems. A physical-chemical system will usually show
lower capital costs with its shorter reactor times. However, its operating
expenditures and energy costs are generally higher than biological
systems because of chemical costs and side-stream regeneration requirements.
In urban areas with very little available land, the smaller land requirement
of the physical-chemical system imparts an obvious advantage over biological
systems. Generally, the physical-chemical components have a shorter life
because of the larger amount of mechanical equipment which in turn tends
to increase the total annual cost.
d.  Unknowns

The disadvantages of the more conventional biological systems are
well known and understood because of 40 or more years of experience.
However, there are a number of unknowns about a physical-chemical process
which may reduce its superficial attractiveness. For example, a
lime-carbon system on raw wastewater application has not yet been
supported by the successful demonstration of lime and activated carbon:
regeneration and reuse. Temperature influences upon carbon adsorption
effectiveness represent an almost total unknown as well as the

.

necessary reserve capacity to satisfy largely unbuffered diurnal flow

and organic variations normally exhibited in municipal wastewater

treatment.
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In the following sections, these two basic wastewater treatment
concepts are upgraded to meet the effluent quality levels listed in
Table 1. It is thought that these process schemes represent an
optimum and realistic application of today's technology to meet future
treatment goals. Where applicable, fundamental comparisons of i
design alternatives are discussed and major risks and unknowns briefly

enumerated.
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1.3 - PROCESS SEQUENCE SELECTION AND PERFORMANCE

1.31 - LEVEL 1: PROPOSED STATE GOAL

BIOLOGICAL TREATMENT SYSTEM: The proposed Ohio effluent standards or
state goal can be met by achieving ammonia oxidation (nitrification), applying
metal salts for phosphorus removal, controlling effluent solids by organic
polymer addition and in-depth filtration, and practicing post aeratign. The
upgraded biological system is shown schematically in Figure 5. System perfor-
mance is illustrated in Figure 5A. As shown on these figures, the solids
handling system has also been modified to include gravity waste activated sludge
thickening and heat conditioning of the combined raw sludge after storage.

To achieve nitrification, the existing aerator has been separated into
a 1/3 - 2/3 (high rate - nitrifying) volumetric split which would result in a
nitrifying contact time of 3 to 4 hours, assuming the original aerator contact
time was 6 hours. This new nitrifying contact time should be adequate for
the climatic conditions of Northeastern Ohio. A new final clarifier is necessary
to allow the complete separation of the two distinct biological cultures, designed
for the removal of carbonaceous and nitrogenous oxygen demanding materials
respectively. This system alternative for nitrification was selected over
other possibilities (i.e., chemical additions and solids control in the primary
clarifier, extended aeration) because in a general application this alternative
gives the greatest assurance of economic performance success. It is also most
compatible with metal salt addition for phosphorus removal and maximizes
the potential for a low soluble BODs residual.

Metal salt addition for phosphorus removal was selected because the
chemical requirement is largely a function of the pollutant of concern,
phosphorus, and the required soluble residual. Thus, should phosphorus levels

in the influent wastewater be reduced by local or federal legislation or




should detergent reformulations occur in the future, the municipality will be

able to reduce metal salt applications and derive proportional savings. As shown,

metal salt additions for phosphorus removal do not require additional capital

facilities other than a chemical storage and feed complex. Any source of

precipitating metal ion, including some industrial wastes, can be used, but

because of the generality of this study the alternatives have been reduced to

commercially available ferric and aluminum salts, i.e., ferric chloride and

alum, Aluminum was selected over ferric iron because of its higher pH value of

optimum phosphorus precipitation (about 6 versus 5), its lower mass of precipi-

tated solids, its precipitate's integrity during reducing conditions, and the

absence of potential color problems in the final effluent. Although the metal

salt can be added to any point in the major process stream, dosing to the

aerator effluent was selected to maximize hydrolysis of influent complex

phosphorus forms, minimize competing soluble phase side reactions due to raw

waste organic components, and minimize floc shearing and upwards pH drift due

to shearing and carbon dioxide stripping in the aerator. Dosing the chemical

to the activated sludge system does not attenuate process performance but,

rather provides a stabilizing influence upon the system due to the weighting

effect derived from the inorganic precipitate within the activated sludge

floc which results in a denser, faster settling floc. Chemical additions

into the secondary also results in the accumulation of chemical precipitate

which provides a buffer against diurnal phosphorus concentration peaks and

lessens the sensitivity of chemical application rates to fluctuations in raw

sewage phosphorus concentrations. A polishing dose of metal salt is added

to the nitrifying activated sludge system to produce the required effluent

phosphorus residual of 0.5 mg/l1. By incorporating split-chemical treatment,

only a small additional dose of aluminum is required, and the resultant




e s g o L e

e ——
- ——

precipitated solids would not be expected to upset the system. The liability

of metal salt addition for phosphorus removal is the introduction of extraneous
ions which, in some instances, can be considered contaminants in their own

right, In the case of alum, approximately 5.3 parts of sulfate are introduced

per part of aluminum added. Although sulfate levels will increase over background

levels, a net dissolved solids increase does not result due to the almost complete-

ly compensating removal of phosphate and other soluble phase pollutants. i 4

Polymer addition and some physical means of final effluent solids control %;

% are design necessities when low phosphorus residuals are required whether or J.

E not low BODs and SS residuals are treatment necessities. Polymer.addition j?
; usually is a treatment necessity because of the colloidal haze that can occur ]
with high dosages of precipitating chemicals. Anionic polyelectrolyte addition 1

in conjunction with aluminum additions has resulted in excellent process stream
clarity after simple sedimentation. The filtration system provides positive
backup for the system and further effluent polishing. A dual or multi-media

{ filtration system has been selected because of the low effluent suspended

solids required. Examining the process streams before (E-2) and after filtra-

tion (FE) in Figure 5A shows that although the State BOD5 and SS effluent

g standards can be met before filtration, precipitated phosphorus in the solids

- "
phase dominates, and effluent solids control by filtration should be provided.

LT

In the final effluent, differences between total nitrogen (Nt) and oxidized
nitrogen (N-0) will largely consist of a soluble refractory organic nitrogen
residual with ammonia nitrogen concentrations at trace levels. Lime additions

in the nitrification system for this wastewater were necessary because of

anticipated alkalinity depletions associated with metal salt addition and
nitrification.

Chlorine dosages for disinfection would be reduced due to the absence

Al3
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of ammonia nitrogen in the final effluent. No credit was taken for BODs and
ammonia removal through the disinfection system. Chlorination for final
effluent disinfection is an acceptable practice under current State and
Federal regulations, even though chlorinated effluents can possess a certain
toxicity to aquatic life. If not acceptable in the future, dechlorination

can be practiced by chemical additions, i.e., sodium bisulfite, sulfite,
thiosulfate or activated carbon adsorption.

To produce consistently an effluent with a dissolved oxygen concentration
of 6 mg/l or more in the summer, a post-aeration step is necessary. The
post-aeration step could be added before, during, or after conventional chlori-
nation for disinfection.

In the waste solids handling system, gravity waste activated sludge
thickening was provided over such alternatives as dissolved air flotation
because it was felt that the weighting action of the inorganic precipitates
should serve as a concentrating aid. Waste activated sludge return to the
primary sedimentation tank was eliminated because of inevitable problems with
solids resuspension and poorer capture. Although no problems would be expec-
ted with the anaerobic digestion system due to the inorganic precipitates,
the additional mass of waste biological solids due to the high rate activated
sludge system, and improved main stream solids capture may impair the operation
of the anaerobic digester. In addition, it is not unreasonable to expect
that the vacuum filter cake for this condition would slightly increase in its
water content. Therefore, the primary digester was converted to a storage
tank, heat cénditioning of sludge solids was incorporated, and the secondary
digester was converted to a decanting-storage facility. Heat conditioning

offers the advantages of consistency in vazum filter operation, increased

cake dryness, high cake BTU values, and a "sterile" end product should conditioned

i S
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sludge application to the land be contemplated. Its disadvantages center upon

the magnitude of volatile solids solubilization which, if not completely
biodegradeable, can deteriorate effluent organic values and will increase the
mass of waste activated sludge. Nitrogen solubilization will be similar to
that encountered with anaerobic digestion achieving 50 percent solids destruction.
If considered in the basic design, the disadvantages associated with heat
conditioning can be compensated for in system sizing.

Whether or not gravity waste activated sludge thickening and heat
conditioning are incorporated, the final effluent from this plant will
easily meet or exceed the proposed Ohio effluent standards. The aluminum-
organic sludge may be incinerated or spread directly on the land. With land
applications, the soil building and fertilizing benefits derived from the
solid's organic fraction will more than compensate for any deleterious
effect associated with the inorganic aluminum precipitates.

PHYSICAL-CHEMICAL TREATMENT SYSTEM: To meet the proposed Ohio efflu-
ent standards, the basic physical-chemical system must be upgraded to provide

additional phosphorus and BOD_ removal as well as incorporate a physical

5
system specifically intended for ammonia nitrogen removal. To this end, a
second stage flocculator-clarifier has been incorporated with breakpoint
chlorination followed by additional carbon adsorption. Additional post
aeration is a necessity to meet an effluent dissolved oxygen value of 6 mg/1
or greater. The upgraded physical-chemical system is shown schematically
in Figure 6 with its performance characterized in Figure 6A.

The reaction pH in the first stage flocculator-clarifier must be
increased to 11.5 from 10.5 to achieve the additional phosphorus removal. ;

This requires the lime dose to increase by almost 80 percent and necessitates

*the addition of a second-stage flocculator-clarifier to capture the precipitated

AlS




calcium carbonate following recarbonation to a pH 9.5. This results in an
almost 50 percent increase in waste solids mass due to the additional

calcium carbonate and precipitated magnesium hydroxide. A polishing dose

of metal salts for phosphorus removal was not possible because of a lack of
pH compatibility in the main and/or waste solids streams. The performance and

chemical requirements for phosphorus removal with this system are largely inde-

R Y et

pendent of incoming phosphorus concentrations but vary as a function of pH
dependent solubility products and the wastewater alkalinity. Thus, the
system is insensitive to diurnal variations in phosphorus concentration but
cannot be expected to return any economic savings should raw sewage phosphorus

levels be reduced in the future.

In a physical-chemical system ammonia nitrogen removal cannot be by
simple conversion to nitrate nitrogen but must be an actual physical removal.
Commonly visualized techniques with today's technology are ammonia stripping,

ion exchange, and breakpoint chlorination.

Ammonia stripping is compatible with lime treatment at pH values of 11 or
greater but even if ammonia fluxing to the atmosphere were allowed, it suffers
from physical scaling problems and performance limitations at ambient air

temperatures less than 40° to 45°F.

Ion exchange using clinoptilolite, a naturally occurring zeolite, can
produce an ammonia nitrogen residual of about 0.5 to 1.0 mg/l but questions
with resin attrition, recovery and reuse as well as ultimate ammonia con-
centrate disposal still remain. If it is assumed that ultimate ammonia

disposal to the atmosphere is not allowed, four alternatives for disposal of

waste brine remain: breakpoint chlorination, biological nitrification and

denitrification, disposal of a weak NH OH solution to an available market, and

4
evaporation to a point where the dried salts can be handled directly in an

incinerator. Since alternatives one and two offer no particular advantages over

EF PP PR S PREEEERESS P

main stream contacting, and alternative three has no application in a generalized
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study, only alternaitve four remains. It is thought, that the cost of drying

this brine would be economically prohibitive in comparison to main stream
breakpoint chlorination.

Breakpoint chlorination, following carbon adsorption for organic nitrogen
removal, will produce a total effluent nitrogen of about 2 mg/l (about 1 mg/l
organic nitrogen, 0.5 mg/l ammonia trichloride, and 0.5 mg/l oxidized nitrogen)
with direct ammonia removal to nitrogen gas. This system suffers from the
liability of dissolved solids addition and generally necessitates chemical
additions for pH control. Clearly, for physical-chemical systems (including
such exotic processes as distillation) the nitrogen removal question through
ultimate disposal may determine their general applicability in wastewater treatment.

Ammonia.removal by breakpoint chlorination is proposed as the means of
meeting the proposed Ohio effluent standards for a physical-chemical system
since at this point in time it has the least amount of unknowns and potential
operating difficulties. It has the advantage that operating costs are directly
a function of the applied ammonia mass and the required effluent residual.
Should it be infeasible to handle the magnitude of chlorine indicated, either
by purchase or on-site generation, the alternative technique would be ion
exchange with ultimate ammonia disposal by evaporation and incineration,

As noted in Figures 6 and 6A, the breakpoint chlorination system is
incorporating an expanded disinfection tank following the first stages
of carbon contacting to remove organic nitrogen and competitive chlorine
demanding materials. It is followed by a downflow carbon contactor for
idditional solids removal, dechlorination, and additional organic removal
(included any chlorinated hydrocarbons formed during breakpoint chlorination).
No actual organic (COD) removal was taken during the actual breakpoint

operation because of the very slow reaction rates without such catalysts as




: ultra-violet radiation. Obviously, effective disinfection and virus kill

. will occur during breakpoint chlorination. Post aeration should be provided
either before or after the final stage of carbon contacting.
1.32 - LEVEL 2: PROPOSED TREATMENT GOAL

ADVANCED BIOLOGICAL TREATMENT SYSTEM: Biological nitrogen and refractory

organic removal must be provided to meet the O.C.E. effluent standards. In
terms of new capital facilities, as shown in Figure 7*, the system used to
meet Level 2 must be a denitrification reactor, aerated channel, final clari-
fier and a carbon adsorption system with regeneration and reuse. Process

performance is illustrated in Figure 7A*,

The alternative systems for biological denitrification are suspended
versus attached growth reactors. Denitirfication, like nitrification, is a
temperature sensitive reaction where contacting times per unit mass of
biological flora and cell residence times are both temperature dependent.

A suspended growth reactor was selected over an attached growth system

(coarse filter) because of its greater operating flexibility under the
temperature variations encountered in Northeastern Ohio. Methanol is added
to the system to serve as the driving carbonaceous substrate and to accel-
erate the biological reduction of nitrate to elemental nitrogen gas. The
magnitude of methanol addition is dependent upon the oxidized nitrogen mass
into the unit and the required treatment efficiencies; effluent oxidized
nitrogen values of 1.0 mg/1 are easily obtained with no methanol breakthrough.

The polishing metal salt dose has been transferred to the end of the
denitrification reactor and increased to achieve the required phosphorus

residual. Ash shown in Figure 7A*, low phosphorus residuals are easily

achieved with split chemical treatment.

*Federal Effluent Standards refer to standards established by 0.C.E. (Office
of the Chief of Engineers).
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The required effluent COD is only achieved with additional treatment

for refractory organic removal even though BOD5 and suspended solids goals
are satisfied after denitrification and filtration. The activated carbon
requirement for this applicatién is only about 1/10 to 1/5 of that associated
with the physical-chemical system upgraded to satisfy the proposed state
effluent standards (Figure 6A). Similar savings are derived in the spent
carbon dewatering and regeneration system and makeup carbon storage. To
produce an effluent free of chlorine toxicity, the disinfection facility
could be located prior to carbon adsorption. However, since the chlorine
dose for disinfection would undoubtedly be low, the disinfection facility

has been left as the final treatment process in the treatment scheme.

ADVANCED PHYSICAL-CHEMICAL TREATMENT SYSTEM: Figure 8* shows schematically
the upgraded physical-chemical system to satisfy the proposed 0.C.E. effluent
standards. The system's performance is illustra ed in Figure 8A*. Ozonation
is incorporated as the means of further effluent polishing.

Ozonation was necessary because it is doubtful if a physical-chemical
treatment system incorporating activated carbon adsorption can achieve the
required soluble organic concentrations due to the previously mentioned
pH influences upon adsorption effectiveness. Ozonation will simultaneously
provide further disinfection and achieve the required effluent dissolved
oxygen concentrations.

1.33 - LEVEL 3: MAXIMUM REUSE APPLICATION

In the waterrich area of Northeastern Ohio, the probability of waste-
water renovation for direct potable reuse is very remote. However,
the two basic treatment systems have been carried to this point to illustrate
the technological requirements and probabl process performance. Further-
more, although total stream treatment is shown, it is projected that in

*Federal Effluent Standards refer to standards established by O.C.E. (Office
of the Chief of Engineers). A19
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the future, fractions of the major process stream would be diverted to
constant flow minor process sequences specifically designed to produce a
product water to match the intended reuse application.

ADVANCED BIOLOGICAL AND PHYSICAL-CHEMICAL TREATMENT SYSTEMS: To meet
the ultimate product water goal of direct potable reuse, both basic treatment
systems must be upgraded for demineralization and '"fail-safe' treatment
redundancy. The unit process selected for this is reverse osmosis. Schematic
flow and process performance diagrams for the upgraded biological system are
shown in Figures 9 and 9A with similar diagrams for the upgraded physical-
chemical system contained in Figures 10 and 10A.

Reverse osmosis was chosen over the other available demineralization
processes (distillation, electrodialysis, and ion exchange) because it is
the one process technique which potentially could replace all the preceding
unit processes. In other words, it offers a capability of backing up and
supporting the total treatment system giving 100 percent pollutant removal
redundancy with the added benefit of demineralization. Such a unit process
is necessary in a closed recycle system because of the potential buildup

of trace organic carbonaceous and nitrogenous pollutants which may be

unremovable in the upstream treatment unit processes.

f: l It is likely that the buildup of these trace pollutants and their
successful elimination will be more of an operational consideration than

demineralization in a closed system and, thus, demand total flow treatment

rather than split treatment to achieve some higher, tolerable dissolved

solids in the final effluent. No other treatment concept offers the

} o

treatment potential of reverse osmosis. Unfortunately, the state of
today's technology will not allow it to supersede the upstream systems

due to flux and membrane fouling limitations. These problems are likely

P ek




to be solved in the future; leaving only the question of what to do with the
waste brine.

In Northeast Ohio, assuming that brine disposal to underground cavities
or surface waters is invalid, there is little choice but to go through an
evaporation system where it must be dried to a point that it can be handled
directly in an incinerator. The water in this brine cannot be recovered
by direct distillation since as the waste volume is reduced the potential
of distillate contamination by organics and residual ammonia will increase.
Multiple redistillation or distillate treatment (carbon adsorption, ion
exchange, etc.) are possible but would mean that higher purity water is
only achieved with smaller recovered produce water volumes. This illustrates
a fundamental fact of wastewater treatment, namely: zero contaminants in a

product water are found only with zero product water.

In the upgraded biological system, the dried mineral salts can be handled

in an expanded incineration system in conjunction with the organic solids.
Whereas, in the upgraded physical-chemical system which incorporates solids
reuse, the evaporated mineral salts must be handled separately in an unique
incineration system to avoid fractional solubilization upon reuse.

Both systems are followed by final chlorine disinfection for consumer
protection in the event of distribution system contamination. An off-
stream storage tank is provided should consumer demands not coincide with
wastewater flows.

Table 2 presents a comparative summary of the effluent quality achieved

from the various levels of treatment as previously described.

A21
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1.4 MISCELLANEOUS DESIGN ASSUMPTIONS

1.41 HYDRAULIC SURGE CONTROL

In the design of these systems, the necessity of dampening hydraulic
surges in the treatment systems has not been mentioned. Generally, for plant
flows of 10 mgd or less, hydraulic surge control would be a worthwhile
consideration because of wide diurnal variations. At higher daily flow
rates hydraulic peaks are usually dampened because of the large service
area. The necessity of providing positive influent flow control would
be subject to the particular flow patterns found or anticipated at the treat-
ment site. If flow equalization or surge control is necessary, an expanded
sedimentation tank receiving the mixed liquor solids from the activated
sludge system designed for the removal of carbonaceous materials would be
recommended for the basic biological treatment system whereas with the basic
physical-chemical treatment system a separate flow equalization chamber
following chemical treatment would be recommended.

1.42 REMOVAL OF HEAVY METALS, PESTICIDES, CHLORINATED HYDROCARBONS, RADIOACTIVE
MATERIALS

In the design of municipal wastewater treatment systems, specific process

designs to remove the above pollutants were not considered since control at
the source has been postulated in these studies. However, many of the unit
processes contained in the treatment sequence can and do provide positive
removals. Generally, with the exception of aeration stripping, the processes
will concentrate these pollutants in waste solid streams which with and without
incineration will reduce the feasible alternative for ultimate waste solids
removal. As a review, the pollutants and unit processes for removal are
summarized below:

Heavy metals - ''sorbed' onto biological floc, some precipitated

with alum and trace quantities of sulfide, organic

compounds adsorbed upon activated carbon, excellent




removal generally found with high pH lime treatment
reverse osmosis should provide good removal. With or
without incineration, possibility of resolubilization
under microbial action in final disposal site exists.
Pesticides and Chlorinated Hydrocarbons - '"'sorbed" onto biological
floc and can be fractionally stripped into atmosphere
via the biological aeration systems. Adsorbed upon
activated carbon with backup support provided by
reverse osmosis. Permanent oxidation provided under
incineration or carbon regeneration at elevated temp-
eratures.
Radioactive Materials - See heavy metals for removals, complete capture
may be impossible. Final destruction technique is time
dependent upon given half-lifes. Distribution in gaseous,

liquid and solid phases after treatment can be expected.

— 1
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